We assessed cognitive function of female rheumatoid arthritis (RA) patients and analyze the determinants, with special focus on cerebrovascular morphology. Sixty methotrexate (MTX-) or biologic-treated RA patients and 39 healthy controls were included in a cross-sectional study. Smoking habits, alcohol intake and time spent in education were recorded. Standard measures were performed to assess cognitive function (Montreal Cognitive Assessment, MOCA; Trail Making Test, TMT; Victoria Stroop Test, VST; Wechsler Adult Intelligence Scale, WAIS; Benton Visual Retention test, BVRT), depression (Beck Depression Inventory, BDI), anxiety (State-Trait Anxiety Inventory, STAIT/S) and general health status (Short Form 36, SF-36). Mean disease activity (28-joint Disease Activity Score, mDAS28; erythrocyte sedimentation rate, mESR; C-reactive protein, mCRP) of the past 12 months was calculated; anti-cyclic citrullinated peptide (CCP) and rheumatoid factor (RF) were assessed. Cerebral vascular lesions and atrophy, carotid intima-media thickness (cIMT) and plaques, as well as median cerebral artery (MCA) circulatory reserve capacity (CRC) were assessed by brain magnetic resonance imaging (MRI), carotid ultrasound and transcranial Doppler, respectively. Cognitive function tests showed impairment in RA vs controls. Biologic-vs MTX-treated subgroups differed in TMT-A. Correlations were identified between cognitive function and depression/anxiety tests. WAIS, STAIS, STAIT and BDI correlated with most SF-36 domains. Numerous cognitive tests correlated with age and lower education. Some also correlated with disease duration, mESR and mDAS28. Regarding vascular pathophysiology, cerebral vascular lesions were associated with VST-A, carotid plaques with multiple cognitive parameters, while MCA and CRC with MOCA, BVRT and BDI. RA patients have significant cognitive impairment. Cognitive dysfunction may occur together with or independently of depression/anxiety. Older patients and those with lower education are at higher risk to develop cognitive impairment. Cognitive screening might be a useful tool to identify subgroups to be further investigated for cerebrovascular pathologies.
Introduction
Rheumatoid arthritis (RA) may involve the vascular and nervous systems [1, 2] . There is increased risk of ischemic stroke, especially in elderly RA patients with long-standing disease [3] . We have recently reported abnormalities in the cerebral circulation in transcranial Doppler (TCD) and vascular lesions by brain MRI in RA [4] . Functional MRI revealed the association of inflammation with brain structure and connectivity in RA [5] . Depression and anxiety are present in two-third of RA patients [6] [7] [8] .
Cognitive function includes orientation, attention/concentration, judgment/problem solving, memory, verbal, visual/spatial and executive functions [9, 10] . RA patients may significantly underperform on cognitive function tests 1 3 compared to controls [9, [11] [12] [13] [14] [15] . Even mild impairment may influence the functional capacity and quality of life of RA patients [9, 13, 16, 17] . It affects reactivity to pain, compliance to and effectiveness of therapy [9] .
In general, both inflammation itself that may also affect the brain [5, 9, 17] and accelerated atherosclerosis and increased cardiovascular (CV) pathology also driven by systemic inflammation [13, [17] [18] [19] ] may cause cognitive impairment in RA. Pain, stress, fatigue, sleep disturbances, depression and anxiety may also be involved in RA-associated cognitive decline [7, 9, 13] . Methotrexate (MTX) and corticosteroids have been associated with cognitive impairment [9, 20, 21] . As inflammation is involved in cognitive dysfunction in RA, the control of disease activity may be beneficial for the patients [22, 23] .
We wished to assess cognitive function in a subset of Hungarian patients with RA compared to healthy controls using multiple standardized cognitive tests in parallel with imaging assessment of cerebrovascular morphology. Regarding explanatory factors, we focused on six major areas: some demographic parameters (age, educational level), lifestyle factors (smoking, alcohol intake), disease characteristics (duration, seropositivity, activity), treatment subgroups (MTX, biologic), physical and mental health status (SF-36), mood problems (depression, anxiety) and cerebrovascular morphology [carotid atherosclerosis, cerebrovascular reserve capacity (CRC) of median cerebral artery (MCA), brain MRI]. The novelty of our study is that we used multiple tests of cognitive function and we associated these tests with cerebrovascular imaging.
Patients and methods

Patients and controls
Sixty female RA patients undergoing regular follow-ups at the Borsod County Teaching Hospital, Miskolc were selected. The inclusion criteria were female patients aged 18 or over; definitive diagnosis of RA; stable dose of MTX, corticosteroids and biologics for at least 6 months prior to the study; and informed consent. The exclusion criteria were pregnancy and/or breast feeding; any previous vascular events including cerebrovascular diseases, as well as mental disorders; history of skull trauma; known depression and other mood disorders; implanted metal; claustrophobia. Twenty patients were biologic naive. They had been receiving MTX for a mean 7.2 ± 4.9 (range 2-15) years in an average dose of 14.1 ± 4.4 (range 5-25) mg per week. We selected 40 female patients receiving biologics [20 infliximab (IFX) and 20 tocilizumab (TCZ)] as first-line biologic treatment at the time of the survey, in combination with MTX, for a mean duration of 4.0 ± 2.0 (range 1-10) years.
We selected intravenously administered biologics to increase compliance and therapy control. Moreover, we had more time to perform the psychologic and other diagnostic tests. The doses of MTX and biologics had been stable for at least 3 months prior to the study. Disease activity (DAS28-ESR) was determined in all RA patients every 3 months; thus, the mean values of the past 5 visits (12 months) were calculated and used in our analyses (Table 1) .
For this study, a convenience sample of 39 healthy female individuals was chosen as the control group. These controls participated in a carotid ultrasound screening program carried out in the Borsod County region by some of the authors. Controls had the same inclusion and exclusion criteria as the RA patients. The age of controls (60.2 ± 6.7 years) was not significantly different from that of RA patients ( Table 1) . As normative data with the Short Form 36 (SF-36) general health status measure are available for the Hungarian general population, RA patients' SF-36 scores were compared to the gender-and age-matched population norm [24] .
We assessed smoking habits, alcohol consumption during the past 2 years and the number of years in education (school years) by a questionnaire (Table 1) .
Ethical approval (No. 1046-63/2015) was obtained from the Regional/Institutional Review Board of Miskolc University. All patients and controls signed informed consent. The study was performed according to the Declaration of Helsinki.
Tests of cognitive function and depression/anxiety
The following standardized tests also translated to Hungarian were used (Table 2 ) [25] :
Mental capabilities The Montreal cognitive assessment (MOCA) test is a screening tool to determine mental capabilities in general and for determining mild cognitive impairment. The higher values indicate better cognitive function (range 0-30); a score of ≥ 26 is considered as normal [26] .
Attention/concentration The Digit Symbol subtest of the Wechsler Adult Intelligence Scale (WAIS) provides information on visuo-perceptual functions, fine visual-motor dexterity and speed. The number of correct symbols reproduced within the time limit is measured. Numbers are then converted to Q points (age-adjusted standard scores in the Hungarian version) [27, 28] . Trail making test (TMT) measures the visual attention, speed of visual processing, mental flexibility, and executive functions. In part A of the TMT (TMT-A) assessing visuomotor processing speed, numbers are presented on a page in random array. The patient is instructed to connect the numbers in ascending order as quickly as possible. Part B (TMT-B) determines mental flexibility and measures the control and executive function of the frontal lobe of the brain. Here, both numbers and letters are on the sheet and the examinee must alternate connecting numbers and letters in sequence. The score on each part is the time required to complete the task. The shorter time indicates better function [25] .
Executive function The Victoria Stroop Test (VST) is a brief version of the Stroop task. The Stroop task measures the cognitive control by assessing the ease with which a person can maintain a goal in mind and suppress a habitual response in favor of a less familiar one (response inhibition). VST contains 24 items in each of the following conditions: naming the color of dots (VST-A), of neutral words (VST-B), and of color words printed in contrasting colors (VST-C). We determined the time in seconds. In general, the VST tests assess executive functions [25] . TMT-B (see above) also assesses executive function [25] . Memory The Benton Visual Retention Test (BVRT) was used to assess the patient's immediate visual memory and visuo-constructive skills. In the BVRT, 10 pictures with geometric figures are shown one after the other and the patient has to draw the designs as accurately as possible. Administration A (10 s exposure to each card with immediate recall by drawing) was used. The total score corresponds to the number of correct reproductions (maximum 10). The error score indicates the number of errors. Evidently, more correct reproductions and less errors indicate intact skills [29] .
Anxiety The Spielberger State-Trait Anxiety Inventory (STAI) is a commonly used self-scored measure of trait and state anxiety. It is composed of dot, neutral word and color word tasks. Both the time of task completion and the number of errors have been recorded. STAIS indicates state (current status) and STAIT measures trait (general status) [30] . Lower STAIS or STAIT values represent less trait and state anxiety.
Depression The Beck Depression Inventory (BDI) is a self-report rating inventory that measures characteristic attitudes and symptoms of depression [31] . Higher BDI values represent higher degree of depression.
SF-36 test of general health status
Short Form 36 (SF-36) measures general health status [32, 33] . The SF-36v2 questionnaire consists of 36 questions and provides scores for 8 individual subscales (weighted sums of the respective questions): physical function (PF), role physical (RP), bodily pain (BP), global health (GH), vitality (VT), social function (SF), role emotional (RE) and mental health (MH). The score range of each scale is between 0 and 100; the lower the score the more disability. Scores for each domain were calculated and were combined to form the physical component summary (PCS; PF + RP + BP + GH) and mental component summary (MCS; VT + SF + RE + MH) scores [32, 33] . In this study, the paper-based, Hungarian validated version of the SF-36v2 was used [24] .
Laboratory assessments and disease activity
Serum IgM RF and high-sensitivity CRP (hsCRP) were assessed by quantitative nephelometry (Cobas Mira Plus, Roche), using RF and CRP reagents, respectively (both Dialab, Vienna, Austria). RF levels > 50 IU/ml indicated seropositivity and hsCRP levels > 5 mg/l were considered elevated. Anti-CCP autoantibodies were detected in serum samples using the second generation Immunoscan-RA CCP2 ELISA test (Euro Diagnostica, Arnhem, The Netherlands). The assay was performed according to the instructions of the manufacturer. A concentration > 25 IU/ml indicated seropositivity. Erythrocyte sedimentation rate (ESR) was determined by the traditional Westergren method (mm/h). DAS28-ESR was determined in all RA patients and mean of the last 5 ESR (mESR) and DAS28 values (mDAS28) was also calculated (Table 1) .
Transcranial Doppler assessment
Transcranial Doppler (TCD) assessment of the MCA vessels was performed as described by us before [4] . In brief, MCAs were assessed by TCD using a Multi-Dop T Digital (DWL Compumedics GmbH, Singen, Germany) device. Among TCD indices, CRC reflects the physiological vasoconstrictive and vasodilatory function of precapillary (resistance) arteries. Normally, the increase in CRC after stimuli causing vasodilation is > 30% [4, 34, 35] . TCD was performed by a single technician (M.S.) and validated by a neuroradiologist (C.O.).
Carotid artery ultrasound examination
Common carotid artery (CCA) assessments were carried out using a duplex ultrasound system (Vivid E, GE Healthcare) using a 8 MHz linear array transducer (GE Probe 8L-RS) as described by us elsewhere [4, 36] . Longitudinal highresolution B-mode ultrasound scans were employed over both right and left CCA and were R-synchronized and recorded. Carotid artery intima-media thickness (cIMT; mm) was defined as the distance between the first and second echogenic lines from the lumen, taking the average of five measurements on both sides. All visible plaques were also detected. Assessments were performed by a single observer (AS).
Brain MRI investigations
Altogether 49 out of the 60 RA patients also underwent brain MRI studies (Siemens Magnetom Verio 3T, Siemens, Munich, Germany) to assess focal vascular lesions, emollition and atrophy. All MRI scans were performed by a single radiologist (LK) and also read by a neuroradiologist (CO). Hyperintense lesions detected by T2 and flair sequences not characteristic for any white matter diseases were considered vascular lesions. A global cortical atrophy score was used as follows: 0, no atrophy; 1, mild atrophy with opening of sulci; 2, moderate atrophy with volume loss of gyri; 3, severe atrophy.
Statistical analysis
Statistical analysis was processed with IBM SPSS 22 software. Data are expressed as the mean ± SD and frequencies and percentages. Normality of data was assessed by Kolmogorov-Smirnov test. Continuous variables were compared by Mann-Whitney test. Simple correlations were determined by Spearman's analysis. Multiple linear regression analysis using the backward method was used to determine correlations and independent associations between parameters. Cognitive tests were the dependent variables and several other parameters were independent variables. The β standardized linear coefficients showing linear correlations between two parameters were determined. The B (+ 95% CI) regression coefficient indicated independent association between the dependent and independent variable during changes. P values < 0.05 were considered significant.
Results
Basic characteristics of RA patients and controls
The major characteristics of the patients are shown in Table 1 . Their mean age was 60.7 ± 9.5 (range 27-78) years and their mean disease duration was 11.6 ± 7.6 (range 2-36) years. Altogether 70% were IgM rheumatoid factor (RF) positive and 65% were ACPA (anti-CCP2) positive.
The number of "school years" was not different between RA patients and controls. However, it was lower in biologic (10.8 ± 3.0 years) compared to MTX-treated patients (12.5 ± 2.7 years; p = 0.014) and controls (12.3 ± 1.8 years; p = 0.004) ( Table 1) .
There were more smokers among the total RA, biologic-and MTX-treated RA groups compared to controls (p < 0.05). One-fourth of controls but only 8.3% of RA patients regularly consumed alcohol (p < 0.05) ( Table 1) .
CCA plaques were detected in 33 RA patients (55%). Altogether 46.9% of RA patients but only 23.5% of controls had at least one MRI vascular lesion in their left hemisphere (p = 0.030). Similarly, 23 patients (46.9%), but only 20.6% of controls had MRI lesions in their right hemisphere (p = 0.014). Altogether 26.5% of RA patients and 2.9% of controls had cerebral atrophy (p = 0.005) (data not shown).
Results of cognitive tests, depression and anxiety inventories
The MOCA total score was significantly lower (abnormal) in all RA (p = 0.002) and in biologic-treated patients (p = 0.001) compared to controls (Table 2 ). MOCA score < 26 (indicating cognitive impairment) was observed in 63%, 50%, 70% and 46% of patients in the total RA, MTX, biologic sub-groups and controls, respectively (all RA vs controls: p = 0.032; data not shown).
All (p = 0.029) and biologic-treated RA patients (p = 0.007) had longer TMT-A times than controls. Biologictreated patients also required longer time vs MTX-treated ones (p = 0.041). In TMT-B, RA patients also needed more time than controls (p = 0.048) ( Table 2) .
In VST-A, RA patients (p = 0.040) and the biologictreated subset (p = 0.019) needed more time to complete the task than controls. In VST-B, biologic-treated RA patients required more time vs controls (p = 0.007) ( Table 2) .
WAIS digit symbol scores were significantly lower (abnormal) in the total (p = 0.003) and biologic-treated RA groups (p = 0.006) compared to controls ( Table 2) .
In BVRT, the number of correct reproductions was significantly lower in the full RA cohort (p = 0.005) and biologictreated patients (p = 0.006) compared to controls. There were no differences in BVRT errors (Table 2) .
Regarding anxiety/depression tests, STAIS values were significantly higher (abnormal) in all (p < 0.001), MTXtreated (p = 0.012) and biologic-treated patients (p < 0.001) vs controls. STAIT values were also higher in the total (p = 0.004) and biologic-treated RA group (p = 0.002) vs controls ( Table 2) . BDI values were significantly higher (abnormal) in all (p = 0.023) and biologic-treated patients (p = 0.015) vs controls ( Table 2) . As STAIT and BDI are anxiety/depression tests, we performed an additional analysis to determine the additional value of STAIT and BDI tests in studying cognitive function of RA patients. Here, RA patients with normal performance in all cognitive tests were considered those with "normal cognitive function". If at least one test gave abnormal result, that individual had cognitive abnormality. Based on this assessment, out of the 60 RA patients, 25 had cognitive impairment and 35 had normal cognitive function. When these two RA groups were compared based on STAIT and BDI, those with cognitive impairment have significantly higher STAIT (p = 0.011) and BDI (p = 0.012) compared to those performing well in all tests. Controls did not have such differences. Thus, depression and anxiety as measured by BDI and STAIT, respectively, can further differentiate between RA patients who had at least one other abnormal test results and those with normal cognitive test performance.
We used data from the previous SF-36 Hungarian population norm study representing women with 58-61 years of age that corresponds to our RA subset [24] . SF-36 scores were lower in RA patients vs controls in all domains except RE. Three out of the four mental domains of the SF-36 (VT, SF and MH) were impaired in RA patients and RA subsets compared to controls (p < 0.05) (Fig. 1) .
Correlations among cognitive function tests in RA patients
All cognitive function tests were correlated with each other in RA patients. As many of them assess somewhat overlapping characteristics, numerous correlations could be identified. In general, most cognitive test results correlated with many others (data not shown).
Correlations between cognitive function and SF-36 in RA patients
STAIS, STAIT and BDI values showed significant inverse correlations with all 8 SF-36 domains, as well as with MCS (p < 0.05). WAIS Digit Symbol values exerted positive correlations with 7 SF-36 domains, PCS and MCS (p < 0.05) (data not shown).
Correlations between cognitive function and other parameters in RA patients
Longer TMT-A, TMT-B, VST-A, VST-B, VST-C times, more BVRT errors and lower WAIS scores correlated with age (p < 0.05). Longer VST-A time correlated with disease duration (p = 0.027), while STAIT correlated with mESR (p = 0.006) and mDAS28 (p = 0.018). MOCA, STAIS, STAIT, BDI values, VST-A, VST-B and VST-C times, WAIS and BVRT total scores and BVRT error numbers showed associations with years in education (p < 0.05) ( Table 3) .
Associations between cognitive function and vascular abnormalities in RA patients
Left MCA CRC positively correlated with MOCA (p = 0.016) and inversely with BDI (p = 0.008). Right MCA CRC exerted positive correlation with BVRT total values (p = 0.033). Right cIMT inversely correlated with WAIS Digit Symbol scores (p = 0.024) ( Table 3) . RA patients with right carotid plaques had higher STAIS, STAIT values, longer VST-C times and lower WAIS scores (p < 0.05). Patients with left carotid plaques had higher STAIS, STAIT, BDI scores, longer TMT-A and VST-C times, and lower WAIS scores (p < 0.05) ( Table 4) . Patients with MRI vascular lesions had longer VST-A times (p = 0.032), while those with brain atrophy had lower WAIS scores ( Table 4) .
Determinants of cognitive function in RA patients
Univariate and multiple regression analyses were performed to assess independent determinants of cognitive function (Table 5 ).
In the univariate analysis, numerous tests correlated with age and/or school years (p < 0.05). STAIS, STAIT, TMT-A time, VST-C time and WAIS Digit Symbol score were associated with the presence of carotid plaques (p < 0.05). WAIS scores also correlated with right cIMT (p = 0.024). VST-A time correlated with the presence of MRI vascular lesions (p = 0.006). BDI and BVRT total scores associated with left and right MCA CRC, respectively (p < 0.05). STAIT correlated with mESR (p = 0.009) and mDAS28 (p = 0.02). Biologic-vs MTX-treated patients had longer TMT-A times (p = 0.03) ( Table 5 ).
In the multiple regression analysis of RA patients, age was independent predictor of TMT-A time Table 5 ).
Discussion
We cross-sectionally assessed cognitive functions and depression/anxiety in female RA patients compared to gender-and age-matched healthy individuals using standard validated measures. Moreover, we aimed to explore associations between cognitive decline and RA-related parameters, CV and cerebrovascular pathophysiology, quality of life and therapy. Among the domains of cognitive function [9, 10] , we assessed attention/concentration (WAIS, TMT-A, TMT-B), memory (BVRT), executive functions (TMT-B, VST). We applied MOCA as a screening tool. We also compared cognitive dysfunction with depression (BDI) and anxiety (STAI). The novelty of our study is that we used many tests of cognitive function and we associated these tests with cerebrovascular imaging including TCD, carotid ultrasound and brain MRI.
MOCA score, TMT-A, TMT-B, VST-A and VST-B times, WAIS Digit Symbol scores and the number of correct reproductions in BVRT were significantly abnormal in RA patients vs controls. Our results confirm that RA is associated with cognitive impairment [9, 11, 13] .
As different domains of cognitive function are interrelated [9, 10] , it is not surprising that results of the various cognitive function tests correlated with each other in RA. Depression and anxiety are common among RA patients [6, 7] ; however, some domains of cognitive dysfunction did not correlate with BDI or STAI suggesting that cognitive decline in RA also involves other factors. Although cognitive function and depression/anxiety have been tested in the same RA patients [15, 37] , we did not find any extensive studies correlating these entities.
Three out of 4 SF-36 mental domains were impaired in RA patients. The WAIS screening test showed association with 7 out of 8 SF-36 domains. TMT-A and TMT-B times also correlated with some, mainly physical SF-36 domains. Moreover, STAIS, STAIT and BDI values were associated with all 8 SF-36 domains suggesting that, in RA, both cognitive dysfunction and depression/anxiety may have negative impact on the general health status of the patients. We have found only one study that analyzed the associations of cognitive function with SF-36 in RA. Kim et al. [38] 
reported an independent association of MCS with MOCA. Shin et al. [11] used 16 cognitive indices and found relationship between cognitive and functional limitations. However, studies exploring the impact of cognitive impairment on health-related quality of life in RA are, on the whole, scarce and deserve further investigation. In our RA cohort, cognitive function tests were also correlated with other parameters, such as age, disease duration, school years, mESR or mDAS28. Shin et al. [13] and Lee et al. [39] also associated cognitive impairment with low education and disease activity, respectively.
As atherosclerosis has been implicated in cognitive impairment in RA [9, 13] , we also determined cerebral vascular lesions and atrophy, carotid atherosclerosis and CRC. We indeed found correlations between these vascular pathologic alterations and cognitive dysfunction. As described above, functional MRI [40] showed pathological cerebral alterations in RA. In non-RA, stroke patients, other investigators also found associations between cognitive decline and carotid atherosclerosis [41] . Cerebral blood flow in association with cognitive function has not yet been assessed in RA before. In non-RA studies, cerebral arterial circulation was associated with cognitive impairment [42, 43] .
RA patients treated with biologics usually resemble a more severe form of disease than those controlled by MTX only. In our study, TMT-A times were longer in biologicvs MTX-treated patients. Although some studies suggest that MTX may itself cause cognitive impairment [20] , it is possible that the severity of RA may even be more important in this respect. Meade et al. [20] reported that patients taking higher doses of MTX have lower cognitive performance; however, it was still in the normal range. They also emphasized that due to the various treatment protocols, one needs to be cautious when drawing conclusions on the possible effects of anti-rheumatic drugs on cognition [9, 20] . Although sustained inflammation may be involved in cognitive decline in RA [9, 17] , only very few studies evaluated the longitudinal effects of anti-rheumatic drugs on cognitive function. In the open-label study of Raftery et al. [22] , adalimumab improved full scale, verbal and performance IQ in parallel with improvements of DAS28. Camara et al. [44] reported that centrally administered etanercept improved anxiety-like behavior in mice. Khandaker et al. [23] presented a protocol of a trial initiated in 2018, where behavioral and cognitive measures will be evaluated in tocilizumabtreated patients. In addition to pharmacotherapy, tailored cognitive behavioral therapy introduced in early RA was found to be beneficial in various studies [45, 46] .
Our study may have strengths and limitations. Our study is rather comprehensive applying numerous different cognitive function tests in the context of clinical, laboratory factors, brain vascular lesions, carotid atherosclerosis, CRC and quality of life. The limitations of our study include the relatively low number of patients and healthy controls matched for many but not all potentially relevant characteristics. Hence, we suggest to consider our results as explorative rather than conclusive and further studies involving larger samples, representative for the RA population are encouraged. However, feasibility issues may arise on performing imaging technologies alongside the standard cognitive tests in large groups of patients and controls, one of the strengths of our study. Given the cross-sectional design, the effect of anti-rheumatic therapy on cognitive function could not be longitudinally analyzed; this is an important area for further research. While laboratory biomarkers and quality of life could be numerically determined, alcohol intake, smoking habits and education were rather estimated. Applying measures and categories that allow comparisons with population norms (e.g., European Health Survey) for alcohol and tobacco consumption as well as for educational levels (ISCED categories) is suggested in further studies. Finally, we were unable to perform Bonferroni corrections.
In conclusion, our study suggests that RA patients had significant cognitive impairment as determined by multiple tests. Various domains of cognitive dysfunction may be associated with age, lower education, disease duration and activity, inflammatory markers, primarily the mental components of SF-36 and some measures of vascular pathology. From the practical point of view, RA patients, especially those with higher age, lower education, sustained disease activity, should be evaluated for cognitive dysfunction by any tests used in our study and also by others. Although some anti-rheumatic agents may impair cognitive function, the control of inflammation by MTX and biologics in association with tailored behavioral-cognitive therapies may benefit our RA patients.
